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© Filter apparatuses. 



© A filter apparatus comprises a multi-layer printed 
circuit board (7) on which is mounted a shielded 
filter (4) having input and output terminals (44, 45) 
protruding from the printed circuit board. The printed 
circuit board (7) is formed from two insulating sub- 
strates (71 , 72). A connective conductive pattern (82) 
is formed on an inner surface of one (72) of the 
substrates that faces the other substrate (71). Con- 



ductive layers (81, 83g) are formed on respective 
outer surfaces of the substrate opposing the connec- 
tion conductive pattern (82). At least one of the input 
and output terminals (44, 45) of the filter (4) is 
connected to the connective conductive pattern (82) 
and the conductive layers (81, 83g) are grounded, 
thereby shielding the connective conductive pattern 
(82). 
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FILTER APPARATUSES 



This invention relates to filter apparatuses. 
More particularly, but not exclusively, the invention 
relates to filter apparatuses in which a filter, for 
example a bandpass filter, is mounted on a printed 
circuit board, the apparatus being suitable, fbr in- 
stance, for use in a communication system, such 
as a mobile telephone system. 

in a duplex-type communication system, such 
as a mobile telephone system, a directional coupler 
or aerial (antenna) coupling device is generally 
utilised to transmit and/or receive radio waves via a 
single aerial (antenna). 

As shown in Figure 1 of the accompanying 
drawings, when a transmission signal Su of an up- 
channel is generated by a transmitting circuit 1 , the 
signal Su is supplied to an aerial 3 through a 
transmission bandpass filter 4 whose pass band 
covers signals of all of a plurality of up-channels. 
Then, the signal supplied to the aerial 3 is suitably 
transmitted to a base station (not shown). A down- 
channel signal Sd is generated by the base station 
and is received by the aerial 3. The received signal 
Sd is supplied to a receiving circuit 2 through a 
reception bandpass filter 5 whose pass band cov- 
ers signals of ail of a plurality of down-channels. 

In the mobile telephone system, the frequen- 
cies of the transmitted and received signals Su and 
Sd are in a high frequency range, for example 800 
to 900 MHz, so that, as might be expected, leakage 
of the signals frequently occurs. 

To solve the above-described signal leakage 
problem, the bandpass filters 4 and 5 may be 
accommodated in a common unitary shield casing 
6 as shown in Figure 2 of the accompanying draw- 
ings. An output terminal of the bandpass filter 4 
and an input terminal of the bandpass filter 5 are 
connected to a coaxial connector 63, an input ter- 
minal of the bandpass filter 4 is connected to a 
coaxial connector 64, and an output terminal of the 
bandpass filter 5 is connected to a coaxial connec- 
tor 65. The input and output coaxial connectors 63, 
64 and 65 are provided on different side surfaces 
of the shield casing 6, as shown in Figure 2. It is 
desired that such an isolation characteristic exist 
between the terminals connected to the coaxial 
connectors 63, 64, and 65 that a response outside 
of the pass band is less than -60 dB. 

Thus, a directional coupler is formed by the 
bandpass filters 4 and 5 accommodated within the 
unitary shield casing 6. Nevertheless, this direc- 
tional coupler formed as a single body has an 
unavoidable defect that it requires three separate 
coaxial connectors, namely the connectors 63, 64 
and 65. Thus, the aerial apparatus is made expen- 
sive. Further, it is difficult to mount the aerial ap- 



paratus on a printed circuit board because the 
three coaxial connectors 63, 64, and 65 are located 
on different side surfaces of the shield casing 6. 
According to a first aspect of the invention 

s there is provided a filter apparatus which com- 
prises a multi-layer printed circuit board and a filter 
mounted on the printed circuit board and having 
input and output terminals that extend through and 
protrude from the printed circuit board. The printed 

10 circuit board comprises insulating substrates and a 
connection conductive pattern is formed on an up- 
per or inner surface of one substrate that faces or 
is in contact with the other substrate. Conductive 
layers are formed on outer surfaces of the respec- 

75 five substrates so that one conductive layer is 
positioned above or on one side of the connection 
conductive pattern and another is positioned below 
or on the other side of the connection conductive 
pattern. At least one of the input and output termi- 

20 nals of the filter is connected to the connective 
conductive pattern and the conductive layers are 
grounded, thereby shielding the connection con- 
ductive pattern. 

According to a second aspect of the invention 

25 there is provided a filter apparatus which com- 
prises a multi-layer printed circuit board and a filter 
mounted on the printed circuit board and having 
input and output terminals that extend through and 
protrude from the printed circuit board. The printed 

30 circuit board comprises insulating substrates and a 
connection conductive pattern is formed on an up- 
per or inner surface of one substrate that faces or 
is in contact with the other substrate. Conductive 
layers are formed on outer surfaces of the respec- 

35 tive substrates such that one conductive layer is 
positioned above or on one side of the connection 
conductive pattern and another is positioned below 
or on the other side of the connection conductive 
pattern. A plurality of through-hole conductive lay- 

40 ers are formed through the conductive layers so as 
to connect the outer conductive layers and so as to 
encircle the connective conductive pattern, the con- 
ductive layers connected by the through-hole lay- 
ers being grounded and the connection conductive 

45 pattern being shielded by the conductive layers 
and the through-hole layers. 

Preferred embodiments of the invention de- 
scribed below provide a filter apparatus that: is 
mounted on a multi-layer printed circuit board and 

so can eliminate or at least alleviate the above-noted 
defects of the prior art; have an improved shielding 
effect; enable filters and signal paths to be freely 
designated without or with reduced signal leakage; 
enables filters and signal paths to be positioned 
with greater freedom; and can be designed to 
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avoid or at least reduce transmission and reflection 
losses. 

The invention will now be further described, by 
way of illustrative and non-limiting example, with 
reference to the accompanying drawings, in which 
like reference numerals are used to identify the 
same or similar parts in the several figures, and in 
which: 

Figure 1 is a block diagram showing an 
example of a previously proposed duplex type 
communication apparatus; 

Figure 2 is a schematic diagram showing an 
example of filters accommodated within a single 
shield casing; 

Figure 3 is an elevational view in cross- 
section of a filter of a filter apparatus according to 
a first embodiment of the invention; 

Figure 4 is a perspective view of the filter of 
Figure 3; 

Figure 5 is an elevational view in cross- 
section of the filter apparatus embodying the inven- 
tion; 

Figure 6 is a plan view showing a pattern of 
an upper substrate of a printed circuit board used 
in the embodiment of Figure 5; 

Figure 7 is a plan view showing an upper 
surface pattern of a lower substrate of the printed 
circuit board used in the embodiment of Figure 5; 

Figure 8 is a bottom plan view showing a 
lower surface pattern of the lower substrate of the 
printed circuit board used in the embodiment of 
Figure 5; 

Figure 9 is a plan view showing a lower 
surface pattern of a lower substrate of a printed 
circuit board used in a second embodiment of the 
invention; and 

Figure 10 is a plan view showing the overall 
arrangement of a filter apparatus embodying the 
invention. 

Referring to the drawings in detail, and initially 
to Figures 3 to 6 and Figures 8 to 10, a first filter 
apparatus embodying the invention will be de- 
scribed. As shown in Figures 3 and 4, the transmis- 
sion bandpass filter 4 includes a plurality of reso- 
nant circuits 41 mounted on a printed circuit board 
(PCB) 42. The plurality of resonant circuits 41 
mounted on the PCB 42 are accommodated within 
a rectangular shield casing 43. An input terminal 44 
and an output terminal 45 are connected to a 
predetermined pattern on the PCB 42 and both 
terminals protrude, in the same direction, from a 
bottom shield plate 46 of the shield casing 43. The 
shield casing 43 includes leg portions or filter tabs 
47 for soldering to the final assembly and complet- 
ing the shielding. In this case, the PCB 42 is held 
between a convex portion 43a protruding from an 
inner surface of the shield casing 43 and an upwar- 
dly extending side member 46a of the bottom plate 



46. The bottom plate 46 is attached to the shield 
casing 43 by soldering. 

The reception bandpass filter 5 is formed as a 
unitary block and is shielded in like manner to the 
5 transmission bandpass filter 4, again as shown in 
Figures 3 and 4, the input and output terminals of 
the filter 5 being designated 54 and 55, respec- 
tively. 

As shown in Figure 5, the filters 4 and 5 are 
70 mounted on a printed circuit board (PCB) 7 in 
series such that the output terminal 45 of the filter 

4 and the input terminal 54 of the filter 5 protrude 
from the same surface of the PCB 7. 

Further, in the embodiment of Figure 5, the 

15 PCB 7 is formed as a multi-layer assembly. More 
specifically, the PCB 7 comprises upper and lower 

substrates 71 and 72 that are insulating substrates 

made of, for example, a glass epoxy resin, the 
substrates 71 and 72 being subsequently laminated 

20 to form the multi-layer PCB 7. 

As shown in Figure 5, through-holes 73, 74, 
and 75 are formed through the substrates 71 and 
72 so as to receive therein the input and output 
terminals 44, 45 and 54. The output terminal 55 of 

25 the filter 5 and a through-hole which is formed in 
the substrates 71 and 72 and into which the output 
terminal 55 is inserted are not shown in Figures 3 
to 8, but the through-hole is similar to the through- 
hole 73 for the filter 4 shown in Figure 5. Through- 

30 holes 73A, 74A and 75A formed through the upper 
substrate 71 and through-holes 73B, 74B and 75B 
formed through the lower substrate 72 combine to 
form the through-holes 73, 74, and 75. 

The upper substrate 71 has a conductive pat- 

35 tern formed on the top surface thereof, whereas the 
lower substrate 72 is formed as a double-sided 
PCB having conductive patterns formed on the top 
and bottom surfaces thereof. More specifically, a 
ground conductive pattern 81 is formed on the 

40 mounting surface of the upper substrate 71, as 
shown in Figure 6, and a connection conductive 
pattern 82 is formed on the top surface of the lower 
substrate 72, as shown in Figure 7. Further, solder- 
ing round conductive pattern portions 83a, 83b, and 

45 83c and a ground conductive pattern 83g are 
formed on the lower surface of the lower substrate 
72, as shown in Figure 8. 

In this case, the ground conductive pattern 81 
is formed on the mounting surface of the upper 

so substrate 71 at a position opposing the filters 4 and 

5 when mounted. The mounting surface is formed 
large enough to accommodate the through-holes 
73A, 74A and 75A, so that portions surrounding the 
through-holes 73A, 74A and 75A are also ground- 

55 ed. 

The connection conductive pattern 82 is so 
formed on the top surface of the lower substrate 72 
as to connect the surrounding portions of the 
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through-holes 74B and 75B t as shown in Figure 7. 

Furthermore, as shown in Figure 8, the conduc- 
tive pattern on the bottom surface of the lower 
substrate 72 is divided to provide the soldering 
round conductive pattern portions 83a and 83b 
around the through-holes 74B and 75B, the solder- 
ing round conductive pattern portion 83c around 
the through-hole 73B, and the ground conductive 
pattern 83g covering much of the remaining lower 
surface of the lower substrate 72 (but not con- 
nected to the soldering round conductive pattern 
portions 83a, 83b and 83c). The soldering round 
conductive pattern portions 83a and 83b are elec- 
trically connected together via through-hole plating 
layers 85a and 85b formed on the internal walls of 
the through-holes 74B and 75B, as shown in Figure 
5. The soldering round conductive pattern portion 
83c is electrically connected to a through-hole plat- 
ing layer 85c formed on the inner wail of the 
through-hole 73B. The ground conductive pattern 
83g is formed on the lower surface of the lower 
substrate 72 at a position opposing at least the 
connection conductive pattern 82 on the upper 
surface of the lower substrate 72 and is subse- 
quently grounded. 

As shown in Figure 6, insertion apertures 70 
and apertures 86 are formed by suitable means, 
such as the punching or drilling using a ball mill, 
when the upper and lower substrates 71 and 72 are 
bonded together by an adhesive agent 90, as 
shown in Figure 5. The insertion apertures 70 re- 
ceive therein the leg portions 47 of the shield 
casings 43 of the filters 4 and 5. The plurality of 
apertures 86 surround the connection conductive 
pattern 82 and, after drilling is finished, portions 
other than the through-holes 86 are masked and 
the through-holes 86 are then plated, thereby to 
form plated layers 86M on the interior surfaces of 
all of the through-holes 86. Further, as shown in 
Figure 7, the plurality of through-holes 86 are ar- 
ranged so as to surround completely the connec- 
tion conductive pattern 82 with a predetermined 
spacing between them and at a predetermined 
distance from the connection conductive pattern 
82. The through-holes 86 and plated layers 86M 
are formed to electrically connect the ground con- 
ductive patterns 81 and 83g. 

The filters 4 and 5 are mounted on the mount- 
ing surface of the substrate 71 so that the input 
and output terminals 44 and 45 of the filter 4 and 
the input terminal 54 of the filter 5 are inserted into 
the through-holes 73, 74, and 75, respectively. Fur- 
ther, the terminals 44, 45, and 54 are soldered to 
the soldering round pattern portions 83c, 83a, and 
83b by solder 94. Simultaneously, the leg portions 
47 of the shield casings 43 of the filters 4 and 5 
are soldered to the ground conductive pattern 83g 
by solder 94. The output terminal 55 of the filter 5, 



not shown in Figure 5, is also soldered to a solder- 
ing round pattern portion provided at a position 
symmetrical to that of the pattern portion 83c. 
As shown in Figure 5, a central conductor 101 

5 of a coaxial cable 100, which is connected to the 
aerial 3, is soldered to the terminal 54 and the 
soldering round pattern portion 83b with solder 94. 
A shield conductor or wire 102 of the coaxial cable 
100 is formed as a woven braid or mesh and the 

w cable 100 has an outer insulating sheath 103. 

According to the above-described embodiment, 
the transmission signal Su from the filter 4 is 
supplied to the aerial 3 through a signal path con- 
stituted by the internal circuitry of the filter 4, the 

rs terminal 45, the solder 94, the soldering round 
pattern portion 83a, the through-hole plating layer 
85a, the connection conductive pattern 82, the 
through-hole layer plating 85b, the soldering round 
pattern portion 83b, the solder 94, the coaxial cable 

20 100 and the aerial 3, in that order, and is then 
transmitted from the aerial 3. 

The received signal Sd from the aerial 3 is 
supplied to the filter 5 through a signal path con- 
stituted by the aerial 3, the coaxial cable 100, the 

25 solder 94, the terminal 54 and the filter 5, in that 
order. 

The transmission of the signal Su and the 
reception of the signal Sd are carried out as de- 
scribed above. It can be seen that the connection 
30 conductive pattern 82, which forms part of the 
signal path of the signal Su, is sandwiched be- 
tween the ground conductive patterns 81 and 83g 
and is shielded from leakage in the planes of the 
substrates by the plurality of through-hole layers 
35 86M, so as to act as a shielded strip path or 
coaxial cable, thereby preventing the signal Su 
from leaking. 

A filter apparatus according to a second em- 
bodiment of the invention, in which the shielding 
40 effect is made more powerful, will now be de- 
scribed with reference to Figure 9. In order to 
increase the shielding effect, a ground conductive 
pattern 82g encircling the connection conductive 
pattern 82 with a predetermined spacing between 
45 them is provided on the top surface of the lower 
substrate 72, as shown in Figure 9. A plurality of 
through-hole plated layers, shown at 86M in Figure 
5, are formed in the ground conductive pattern 82g, 
whereby the ground conductive pattern 82g is con- 
so nected to the ground conductive patterns 81 and 
83g. 

It should be appreciated that, notwithstanding 
the foregoing, in both the first and second embodi- 
ments of the invention the shielding effect of the 
55 connection conductive pattern 82 is satisfactory for 
most applications, without providing the through- 
holes 86 and the throughhole plated layers 86M. 

It will be seen that, in the above-described 
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embodiments, the filters 4 and 5 and the signal 
paths for connecting the filters 4 and 5 and the 
aerial 3 are independently shielded, whereby isola- 
tion between the respective input and output termi- 
nals can be improved. Also, since the filters 4 and 
5 and the signal paths are independently shielded, 
the filters 4 and 5 and the signal paths can be 
freely designed, that is laid out in any desired 
fashion, when designing the PCB 7. Thus, the 
filters 4 and 5 can be mounted on the PCB 7 
together with components of the transmitting circuit 
1 and the receiving circuit 2. 

The filters 4 and 5 are not necessarily located 
in tandem, that is aligned in the same direction, as 
described above. The filters 4 and 5 may for exam- 
pie be aligned so that they are at right angles (90 
degrees) to each other, depending upon the size 
and/or shape of the PCB 7. In that case, the ground 
conductive patterns 81 and 83g and the connection 
conductive pattern 82 are curved through 90 de- 
grees, whereby the filters 4 and 5 and the signal 
paths can be positioned with greater freedom. 

By selecting a proper spacing between the 
through-hole plated layers 86M and the conductive 
pattern 82, or selecting a proper width of the con- 
ductive pattern 82, it is possible to perform imped- 
ance matching between the filters 4, 5 and the 
coaxial cable 100. Thus, the signals Su and Sd can 
be transmitted properly and transmission and re- 
flection losses can be avoided. 

Further, as shown in Figure 10,'the filters 4 and 
5 can be mounted directly on the PCB 7 and the 
expensive coaxial connectors 63, 64 and 65 are not 
needed, thereby considerably reducing the cost of 
the filter apparatus. 

Since, as explained above, the connection con- 
ductive pattern 82, which forms part of the signal 
path of the signal Su, is shielded by the conductive 
patterns 81 and 83g formed on the mounting sur- 
face and the soldered surface, respectively, and 
the through-hole plated layers 86M act as the 
shielded strip path, it is possible to prevent leakage 
of the signal Su. 

Further, since the filters 4 and 5 and the signal 
path layers 86M act as the shielded strip path, it is 
possible to prevent leakage of the signal Su. 

Also, since the filters 4 and 5 and the signal 
paths for connecting the filters 4, 5 and the aerial 3 
are independently shielded, isolation between the 
input and output terminals is improved. Further, 
since the filters 4 and 5 and the signal paths are 
independently shielded, the filters 4 and 5 and the 
signal paths can be designed with greater freedom. 
In addition, the filters 4 and 5 can be mounted on 
the PCB 7 together with the components of the 
transmitting circuit 1 and the receiving circuit 2, 
and they can be positioned on the PCB with great- 
er freedom. 



Claims 

1 . A filter apparatus comprising: 

a multi-layer printed circuit board (7) formed of first 
5 and second insulating substrates (71 , 72); 

a filter (4) mounted on the printed circuit board (7), 
the filter having input and output terminals (44, 45) 
which extend through and protrude from the printed 
circuit board; 

to a connection conductive pattern (82) formed on the 
second insulating substrate (72) on an inner sur- 
face thereof facing the first insulating substrate 
(71); and 

a plurality of conductive layers (81, 83g) formed on 
15 outer surfaces of the first and second insulating 
substrates (71, 72) such that a first (81) of said 
conductive layers (81, 83g) is positioned on one 
side of the connection conductive pattern (82) and 
a second (83g) of said conductive layers (81 , 83g) 
20 is positioned on the other side of the connection 
conductive pattern (82), at least one (45) of the 
input and output terminals (44, 45) of the filter (4) 
being connected to the connection conductive pat- 
tern (82) and said plurality of conductive layers (81 , 
25 83g) being grounded so as thereby to shield the 
connection conductive pattern (82). 

2. A filter apparatus according to claim 1, com- 
prising an encircling conductive pattern formed so 
as to encircle the connection conductive pattern 

30 (82), the encircling conductive pattern being 
formed of a plurality of through-holes (86) in the 
multi-layer printed circuit board (7), the through- 
holes (86) each having a plated conductive layer 
(86M). 

35 3. A filter apparatus according to claim 2, com- 

prising a ground conductive layer (82g) formed so 
as to encircle the connection conductive pattern 
(82), the through-holes (86) protruding through the 
ground conductive layer (82g) and the ground con- 

40 ductive layer (82g) being grounded. 

4. A filter apparatus according to any one of 
the preceding claims, comprising a shielding case 
(43) accommodating the filter (4) mounted on the 
printed circuit board (7). 

45 5. A filter apparatus according to any one of 

the preceding claims, wherein the input and output 
terminals (44, 54) protrude in the same direction 
from the multi-layer printed circuit board (7). 
6. A filter apparatus comprising: 

so a multi-layer printed circuit board (7) formed of first 
and second insulating substrates (71 , 72); 
a filter (4) mounted on the printed circuit board (7), 
the filter having input and output terminals (44, 45) 
which extend through and protrude from the printed 

55 circuit board; 

a connection conductive pattern (82) formed on the 
second insulating substrate (72) on an inner sur- 
face thereof facing the first insulating substrate 
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(71); 

a plurality of conductive layers (81 , 83g) formed on 
outer surfaces of the first and second insulating 
substrates (71, 72) such that a first (81) of said 
conductive layers (81, 83g) is positioned on one 5 
side of the connection conductive pattern (82) and 
a second (83g) of said conductive layers (81 , 83g) 
is positioned on the other side of the connection 
conductive pattern (82); and 

a plurality of plated conductive through-holes (86) w 
formed through the first and second substrates (71, 
72) and said plurality of conductive layers (81, 83g) 
so as to encircie at least one (44) of the input and 
output terminals (44, 45), so as to connect said 
conductive layers (81, 83g), and so as to encircle 15 
said connection conductive pattern (82), said con- 
ductive layers (81 , 83g) connected by said through- 
holes (86) being grounded and the connective con- 
ductive pattern (82) being shielded by said conduc- 
tive layers (81 , 83g) and the through-holes (86). 20 

7. A filter apparatus according to claim 6, 
wherein the plurality of through-holes (86) are sur- 
rounded by a plating layer (86M) so that said one 
(44) of the input and output terminals (44, 45) 
encircled by the through-holes (86) is shielded. 25 

8. A filter apparatus according to claim 7 r com- 
prising a ground conductive layer (82g) formed so 
as to encircle the connection conductive pattern 
(82), the through-holes protruding through the 
ground conductive layer (82g) and the ground con- 30 
ductive layer (82g) being grounded. 

9. A filter apparatus according to any one of 
claims 6 to 8, comprising a shielding case (43) 
accommodating the filter. 

10. A filter apparatus according to any one of 35 
claims 6 to 9, wherein the input and output termi- 
nals (44, 45) protrude in the same direction from 

the printed circuit board (7). 
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